Erioeheirjaponws, fiesh-water crabs inhabiting rives and estuaries in Japan, were investigated for cytochome P450 The monooxygenase system, which metabolizes a number of foreign compounds, is widely distributed among organisms. The presence of cytochrome P450 (CYP), an important component of the drug-metabolizing enzyme system, has been reported in several aquatic species (1) (2) (3) (4) (5) . Rivers and marine environments are contaminated with many lipophilic chemicals. Due to the low solubility of these compounds in water, ingestion of food on to which pollutants have been solubilized could be a major route of exposure to environmental contaminants in aquatic species. Fresh-water crabs are at the top of the food chain in the aquatic environment and are among the commonest animals in rivers and estuaries.
In crabs, the hepatopancreas-a large, fatty gland-is the major organ of metabolism and digestion (6) . Fat fractions were prepared from supernatants by centrifugation at 800g and cleaned up using the method of Kannan et al. (8, 9 ,) with some modifications.
Chemical analyses. The PAHs were trapped with blue rayon using the method of Hayatsu et al. (10) . Blue rayon, bearing copper phthalocyanine trisulfonate as a covalently linked ligand, is an adsorbent specific for compounds witXi tree or more 6usea rings.
Blue rayon (3 g) in plastic-mesh bags, 30 cm length x 5 cm diameter, were placed at the crab collection sites for three days during the time period crabs were collected.
We dissolved the extracts in acetonitrile, and determined PAHs by UV-fluorescence spectroscopy. The fluorescence of the acetonitrile extract was assayed with an excita-Articles* Cytochrome P450 in crabs and water pollution Polychlorinated biphenyl (PCB) derivatives and insecticides in single-pool fat fraction from nine crabs were measured according to the method of Kannan et al. (8, 9) . PCB-and insecticide-containing fractions were analyzed using a gas chromatograph equipped with an 63Ni electron capture detector. The injector and the detector temperature were kept at 220°C and 320GC, respectively. The column temperature was programmed to rise from 160'C to 260°C at the rate of 2°C/min, maintaining the final temperature for 20 min.
Biochemical assay. We determined microsomal protein concentrations using the method of Lowry et al. (11) . Levels of CYP were determined according to the method of Omura and Sato (12) . Enzyme activities in microsomes were measured at an incubation temperature of 200C in the presence of an NADPH-generating system. Reactions were carried out under optimal conditions of incubation temperature, protein concentration, and incubation time.
Ethoxycoumarin O-deethylase activity which is CYPlAI and CYP1A2 dependent in rats, was assayed according to Greenlee and Poland (13) . The 1-ml reaction mixture contained 2 mg microsomal protein.
We assayed the fluorescence of 7-hydroxycoumarin with excitation wavelength at 368 nm and emission wavelength at 456 nm using a JASCO FP-777 spectrofluorometer UASCO Ltd., Tokyo).
Imipramine 2-hydroxylase activity, which is CYP2D dependent in rats, was measured by HPLC as described previously (14) . The assay mixture, containing a final concentration of 1 mg/ml microsomal protein and 1 mM substrate, was incubated for 5 min.
Bunitrolol 4-hydroxylase activity, which is also CYP2D dependent in rats, was determined by HPLC equipped with a fluorescence spectrophotometric detector (wavelength 325 nm and emission wavelength 365 nm) according to the method described by Ishida et al. (15) . The incubation mixture for the assay contained a final concentration of 1 mg/ml microsomal protein and 1 mM substrate in a final volume of 1.0 ml.
Benzo[a]pyrene 3-hydroxylase activity, which is CYPlAl and CYP1A2 dependent in rats, was measured using the method of Nebert and Gelboin (16) . The fluorescence of the alkaline extract was assayed with an excitation wavelength of 396 nm and an emission wavelength of 522 nm. The concentrations of 3-hydroxybenzo[a]-pyrene were calibrated with a quinine sulfate, and the values were converted using the factor given by Uemura and Chiesara (17) .
Erythromycin N-demethylase activity, which is CYP3A dependent in rats, was measured by the method of Nash (19) , with a final substrate concentration of 1 mM and a microsomal concentration of 160 pg/ml. 
Results
Treatment of crabs with different doses of 3-MC resulted in induction of CYP related to drug metabolism (Fig. 2) . CYP in hepatopancreatic microsomes showed a graded response to doses of 3-MC ( Fig.  2A) . Although statistically significant differences were not observed in comparing bunitrolol 4-hydroxylase activities among treated and control crabs (Fig. 2B ), there were dose-dependent increases in treated animals. Ethoxycoumarin O-deethylase activity was significantly increased in treated animals (Fig. 2G ). The level of activity was threefold high in crabs treated with 0.2 mg/kg/day, the lowest dose of 3-MC. The level of activity did not increase even at the 40 mg/kg/day, indicating that crab CYP was maximally induced at this lowest dose.
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The concentrations of the blue rayon extract in the different rivers are presented in Figure 3 . The extracts dissolved in acetonitrile were assayed with the same excitation and emission wavelengths used to assay benzo[a]pyrene. The fluorescence intensity was the highest in blue rayon extract from the Tone River.
The concentrations of total PCBs in the fatty fraction of hepatopancreas of crabs obtained from the Tone and Shiribetsu rivers are presented in Figure 4A . Concentrations of PCBs were higher in the crabs from the Shiribetsu River than in the crabs from the Tone River. The levels of DDE were also higher in hepatopancreas of crabs from the Shiribetsu River (Fig. 4B) .
The levels of CYP in adult males and females from different collection sites are shown in Figure 5A . CYP inducer or that these doses are greater than the amount needed to cause maximal induction. The form of GYP corresponding to bunitrolol 4-hydroxylase activity may be differentially affected.
We investigated the levels of PAHs in rivers to assess a possible correlation between contaminant levels in water and GYP enzyme activity of crabs inhabiting the same water. The work by Lee et al. (6) with blue crabs (Callinectes sapidius) demonstrated that crabs should not retain petroleum hydrocarbons due to the high rate of hydrocarbon metabolism and excretion. Therefore, we did not measure tissue concentrations of PARs in the crabs but measured PAH concentrations in river water. The highest rates of metabolic activation, enzyme levels, and drug-metabolizing enzyme activities were observed in hepatopancreatic microsomes of crabs from the Tone River, which contained elevated levels of contaminants.
Recent studies have demonstrated the usefulness of ethoxyresorufin O-deethylase activity as an indicator of the level of environmental pollution (21, 22) . Our study showed that levels of male hepatopancreatic Figure 6 . Metabolic activation of benzo[ajpyrene by microsomes from hepatopancreas of male E japonicus. Mutagenicity was assayed using S.
typhimuriumTA98 (20) .
DDTs (25) (26) (27) . However, in the present investigation, the levels of CYP and enzyme activities did not reflect the tissue levels of PCBs and insecticides. It is possible that highly induced crabs have lower levels of environmental contaminants in their tissues because the contaminants are rapidly metabolized by induced enzymes. Another possibility is that the PCB isomers and congeners, which were accumulated in the crabs, did not induce CYP and drugmetabolizing enzymes. PCBs consist of many isomers and congeners which have a variety of induction potencies toward CYP (28) . Isomer-specific analysis of PCBs was not conducted in this investigation. CYP levels in female crabs paralleled those in male crabs. In females, however, the fluorescence intensity of extracts from the water the crabs inhabited showed high correlation only with imipramine 2-hydroxylase activity. The enzyme activities of the hepatopancreatic microsomes of crabs from Tone River appear to indicate the presence of sex-specific differences in these activities. However, clear sex differences were observed only in crabs from Tone River, the most polluted river studied. This may indicate that female crabs are less responsive to the induction of CYP; females may not be as sensitive as males to foreign chemicals in the induction of drugmetabolizing enzymes tested in this study. Female crabs may not accumulate pollutant chemicals to a high enough concentration to induce CYP because they lay large numbers of eggs, and the pollutants may be transferred to eggs. The male crabs collected from the Tone River, with high PAH concentrations, exhibited high CYP levels and drug-metabolizing activities.
